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ABSTRACT
The purpose of this paper is to synthesize current practices and procedures on the prevention of
backing fatalities in highway work zones. First, general work zone safety hazards are reviewed,
particularly blind areas are identified. Second, engineering controls currently in use are
examined and explained to help understand what steps can be taken to prevent future backing
fatalities. Third, administrative controls (including signalers, drivers, and workers-on-foot
training) are also discussed. Fourth, existing technology controls are reviewed for use in aiding
equipment operators in identifying when pedestrian personnel are in dangerous areas around
their equipment (i.e., back-up camera, radar).  Fifth, recommendations are made based on the
comprehensive review of the backover fatality prevention techniques in construction work zones
and the conducted testing results of several commercially available systems. Recommendations
on engineering and technology controls are discussed, with detailed information such as
improving internal traffic control plans, and integrating technology with traffic control plans.
Information and drawings are provided to illustrate how to design work zones, and the internal
traffic flow diagrams are created using the integrated technology available, and site specific
characteristics. The drawings represent examples of using different types of technology, in
different scenarios using the proper legend, as well as using the proper general and technology
notes to help explain the traffic control plan, ensuring that full comprehension is made.
Recommendations on administrative controls are also given such as how to conduct safety
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meetings, electing safety officers, how to set regulations and guidelines for workers, and how to
handle training. Training should be used as a backover fatality prevention method for pedestrian
workers, flaggers, spotters, and equipment operators. Finally, a summary and discussion of future
research directions are also given.
1. INTRODUCTION
Highway work zones are dangerous environments for pedestrian workers (i.e., workers
on foot) because of the worker-vehicle interactions that are present during construction
activity. Workers are exposed to vehicular traffic within the work zone with the risk of
errant vehicles entering the activity area. Furthermore, pedestrian workers in the work
space are also exposed to construction vehicle movements and the potential of being run
over. According to the Washington State Department of Labor and Industries [1], from
1995 to 2002, 844 worker deaths occurred in roadway work zones i.e. over 100 deaths
annually. 91% of these deaths were related to motor vehicle traffic, or construction
equipment, or both. Construction vehicle related deaths were responsible for more than
half of these deaths. In particular, it was reported that dump trucks accounted for 41%
of “pedestrian worker” related deaths with 52% of these involving dump trucks backing
up. According to Zeyher [2], between 70 and 80 pedestrian construction workers are
struck and killed each year by construction vehicles within a work zone. The American
Road & Transportation Builders Association (ARTBA) named run-overs and back-
overs as the leading cause of death for roadway construction workers, with over half of
the run-overs occurring when workers were struck by construction vehicles or
equipment inside the work zone [2]. 
Since September 1, 2011, the Texas Department of Transportation (TxDOT) has
been sponsoring The University of Texas at Tyler (UT Tyler) and The University of
Texas at Austin (UT Austin) through a two year research project entitled 0-6703
“Prevention of Backing Fatalities in Construction Work Zones”. The purpose of this
project is to review current practices and procedures to prevent backover fatalities,
identify and analyze appropriate responses, and test commercially available systems for
the prevention of backover fatalities. A comprehensive literature review including
survey of current practices and procedures for the prevention of backover fatalities in
construction work zones was conducted. Appropriate responses to prevent backover
fatalities were identified and analyzed [3]. In addition, commercially available
proximity warning systems were also identified and evaluation criteria for such systems
to prevent backover fatalities in construction work zones was developed [4]. Later,
recommendations for TxDOT traffic control practices, incorporating commercially
available systems for the prevention of backover fatalities, were also provided [5]. The
purpose of this paper is to synthesize current practices and procedures, and presents
comprehensive recommendations for TxDOT traffic control practices for the prevention
of backover fatalities in highway work zones.
The subsequent sections of this paper are organized as follows. First, a review of
general highway work zone safety characteristics is presented. Second, the review of
prevention of backing fatality in highway work zone is discussed. Third, detailed
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recommendations dealing with engineering and technology controls are presented.
Fourth, recommendations on the administrative controls, and how training should be
conducted, are discussed. Finally, a summary and discussion of future research
directions conclude this paper.
2. REVIEW OF GENERAL CONSTRUCTION WORK ZONE SAFETY
CHARACTERISTICS
2.1. General Work Zone Characteristics
A work zone is defined as a section of roadway where construction, maintenance or
utility work activities are under way and these zones typically extend from the first
Warning sign or Warning vehicle, to the End Road Work sign. According to Graham and
Burch [6], work zones contain a temporary traffic control (TTC) zone for the traveling
public. The TTC consists of advanced warning, transition, activity, and termination
areas. The advanced warning area consists of signs, rumble strips, and/or radar
transmitters. The next section is the transition area, which consists of channeling
devices such as cones and barricades, to divert or contain traffic on the roadway. The
third section, activity area, is where the work takes place. The Manual of Uniform
Traffic Control Devices (MUTCD) [7] described the need for a buffer zone between the
traffic control zone and the work zone itself. The final section is the termination area.
In this section channeling devices and signage move traffic back to normal speed and
lane configuration. 
According to the Texas Department of Insurance [8], incidents occurring in work
zones involve a combination of pedestrian workers, highway traffic, and heavy
equipment. Pedestrian workers being backed over by heavy equipment, accidents
involving highway motorists, and equipment rollovers are all life threatening incidents
in the construction zone. The National Institute of Occupational Safety and Health
(NIOSH) made specific recommendations to help reduce the number of incidents.
Engineers should evaluate the area through surveying to help develop traffic control
plans prior to the start of the project. They should design the plans with all of the area
hazards in mind, and come up with an idea best suited for the project at hand. Flaggers
should only be used whenever there are no better alternatives, and they especially
should not be used in low visibility conditions. Flaggers should be comprehensibly
aware of the internal traffic control plan (ITCP). After the ITCP has been designed,
supervisors should test the review the plan to insure its effectiveness. Once the ITCP is
in place in the work zone, supervisors should again test the flow of the work zone to
make sure the ITCP will be effective.
Bryden and Andrew [9] analyzed 240 accidents in the New York State Department
of Transportation Projects between 1993 and 1997, and discussed the ramifications of
their results. 20% of all work zone traffic accidents involve construction vehicles, rather
than the traveling public. Public traffic however remains the most common cause of
accidents occurring in work zones. Two thirds of the injuries to pedestrian workers
occurred from vehicles intruding into marked work spaces and striking workers or
flaggers. Bryden et al. [10] evaluated which methods of traffic control devices should
be used in different scenarios to protect the workers and equipment in the work zone,
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as well as highway traffic which can be impacted by many factors of the work zone.
The devices were evaluated under their own subcategory, to be able to maximize
effectiveness. One factor was that pavement and debris conditions, although not being
a device, can have an impact on the number of accidents, and should be considered in
the tests. The results showed that there were a different number of incidents in each
category, with there being a high number of accidents accompanied by fatalities with
portable concrete barriers, poor pavement conditions, and collisions with construction
equipment. Bryden et al. [10] discussed that a well-designed traffic control plan,
integrated with adequate safety training of workers, can help improve work zone safety. 
Occupational Safety and Health Administration (OSHA) [11] described that
transportation incidents and workers struck by vehicles and mobile equipment
accounted for the largest part of work related fatalities according to the Bureau of Labor
Statistics. The article discussed possible tools and considerations used in reducing the
amount of injuries, and fatalities. Signs, flaggers, barriers and traffic control devices
were used to help reduce the amount of accidents involving motorist traffic when
approaching construction zones. To reduce risks in the actual construction zone, the
article considered tools such as better lighting, better training, and better protocol for
safety procedures such as seatbelts. It is important to have each flagger, spotter, and
operator trained to know the most efficient ways to work, in regards to safety.
2.2. Identifying Blind Areas
A blind area is defined as the area around a vehicle or piece of construction equipment
which is not visible to the operators, either by direct line-of-sight or indirectly by use
of internal and external mirrors [12]. The current visibility limitations of equipment
should be understood in the development of engineering and administrative controls, as
well as new technology controls, to give researchers and designers a better idea of the
solutions and/or products which are needed. Worker exposure data can help express
these limitations when the areas in which an operator of the equipment cannot see,
which then can be used to help select the appropriate technologies to increase
situational awareness and minimize the risk of an accident.
Hefner and Breen [12–13] illustrated blind areas around different vehicles used in
the construction industry. To determine these blind areas, a series of physical
measurements and computer simulations were used. This included a light source
placed at the driver’s seat and the light measured around the equipment. The
computer simulations were done by taking measurements around the driver’s seat and
allowing a computer to determine where blind areas were. The contract reports and
the individual blind area diagrams are provided on the NIOSH website at
http://www.cdc.gov/niosh/topics/highwayworkzones/BAD/. The contract report from
John Steele is also available from the same website. The Steele contract report is for
mining equipment, however some of that equipment may apply to road construction
dirt operations.
Blind areas in the test were determined for three planes of elevation [13]: (1) The
Ground Plane; (2) A 1500 mm above the ground plane, which is slightly less than the
stature of the 5th percentile operator defined in ISO 3411, but represents the visibility of
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enough of the head, that an operator can identify that there is a person in that area; and
(3) A plane corresponding to the height of channelizing devices which is 900 mm above
the ground plane. Polar plots of the recorded data were generated with 5 degree
increments and 1 meter intervals up to the 12 or 24 meter test perimeter, depending on
the machine size. Figure 1 below represents some of that data received during the tests
under 3 different plane views a Ford 880 dump truck.
Laborers’ Health and Safety Fund of North America [14] discussed the new
legislation which Washington adopted in May of 2004 for the safety of work zones.
This legislation requires that dump trucks have spotters, rear view video systems, or exit
their vehicle to inspect their blind area before backing. This type of legislation could
prove to be very beneficial to the future safety of work zones.
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Figure 1. Illustration of ford 880 blind area at three planes of elevation [13]
 
(a) Ground Plane View- Ford 880 (b) 1500mm Plane View- Ford 880
(c) 900mm Plane View- Ford 880
3. REVIEW OF BACKING FATALITY PREVENTION TECHNIQUES IN
CONSTRUCTION WORK ZONES
3.1. Engineering and Administrative Controls
The term, engineering controls, describes the use of a logical method to set up,
schedule, and execute projects in such a way that minimizes danger to pedestrian
workers and maximizes efficiency. Administrative controls use education and effective
overview to insure worker safety and efficiency. These two controls are interconnected
because the execution of engineering controls could not be effective without proper
training and overview of the workers who will be executing them. With a safe set up
and employees with adequate safety training, the execution of safe projects is a much
more likely outcome. In this effect, these two solutions are so interdependent and
difficult to separate, it is more logical to discuss them together. As a result, they are
discussed as one unit in this section.
Pratt et al. [15] discussed work zone safety using NIOSH data collected by
undertaking a review of research and by holding a workshop, “Preventing Vehicle- and
Equipment-Related Occupational Injuries in Highway and Street Construction Work
Zones.” Using this data and many case studies, it was determined that nearly as many
pedestrian workers are struck by construction vehicles as are struck by the traveling
public. Therefore, construction vehicle incidents are a large focus of concern for worker
safety. The recommendations given by this report included, but were not limited to,
creating a safe work zone layout, the use of temporary traffic control devices, increasing
motorist education and speed enforcement, training and illuminating workers more
completely, especially flaggers, and the development of an internal traffic control plan.
In particular, a case study is provided below in Table 1 which is case #13, adapted from
this report [15] to illustrate the measures that were recommended by the investigators
and could be taken to prevent the backing fatality from happening.
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Table 1. Excerpt of case study [15]
Case #13: Construction Laborer Crushed by Asphalt Truck While Paving Interstate Highway
“A 34-year-old construction laborer was fatally injured when he was crushed beneath an asphalt-
carrying tractor trailer while paving a six-lane interstate highway. The 11-person crew was
paving the northbound side of the highway. The high-speed lane and the middle lane had been
closed to traffic. Tractor trailers delivering asphalt paving material were queued on the shoulder
and partially in the high-speed lane. Two pavers were operating simultaneously in staggered
positions in adjacent lanes. Paver #1 was in the far left (high-speed) lane. Paver #2 was in the
middle lane staggered some distance behind paver #1, allowing trucks leaving paver #1 to pull
into the middle lane to leave. Usually, trucks waited to be signaled to approach the paver, but
sometimes drivers backed up as soon as they saw the previous truck leave the paver. At the time
of the incident, the driver of the truck next in line for paver #1 had just re-entered the cab of his
truck. About a minute later, the victim went over to shovel old asphalt from around the catch
basin located approximately 12 feet behind the waiting tractor trailer filled with asphalt. 
(Continued )
Jones [16] presented and compared the number of fatalities for the time period of
1995–2002 in work zones as well as the breakdown of what type of automobile and
what type of scenario caused the fatality. In this paper, detailed analysis of “why
fatalities occur inside work zones” was conducted and procedures to prevent such
fatalities in the aspects of traffic control plans were also provided. Specific suggestions
on different types of Internal Traffic Control Plans (ITCP) and how to set up a work
zone maximizing safety were also discussed. 
In particular, the traffic control plan should be set up and designed to protect the
motorist, and to protect motor vehicle entry into the work zone. The principles and
guidelines of an ITCP involve reducing the need to back up within a work zone, limiting
and controlling pedestrian access points into a work zone, providing traffic flow guidance
and diagrams within the work zone to help show the designated movement of equipment
and workers, creating buffer zones to protect pedestrians from other vehicles and
construction equipment, and creating pedestrian free and vehicle free areas. Jones [16]
also pointed out how spotters should be used and procedures which should be followed in
order to be efficient in helping to prevent risks. Spotters should be used whenever a
vehicle with restricted view is backing or operating onsite. The spotter can be any worker
at the site other than the flagger, and in order to be effective must be in direct line of sight,
or some methods of communicating with the driver while being able to see the entire
backing area, and able to communicate directions to the driver operating the equipment. 
Graham et al. [17] discussed the importance and creation of ITCPs for future
projects and what they should include. An ITCP can be defined as the plan used to
control and coordinate the flow of construction vehicles, equipment, and workers
within the activity area to create a safer working environment. Graham and Burch [6]
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The driver saw a truck pull away from paver #1 into the adjacent middle lane, started backing up,
and then heard people yelling and the truck driver working at paver #2 blowing his air horn. He
stopped and found that the four left rear wheels had completely passed over the victim. The
county medical examiner pronounced the victim dead at the scene. The cause of death was
crushing injuries of the head and torso.”
“To prevent similar fatalities, investigators recommended the following measures:
– Construction employers should ensure that one person be designated as a spotter to direct
trucks backing up within highway construction sites.
– Trucking company employers should design, develop and implement a comprehensive safety
program that includes, but is not limited to, training for truck drivers in hazard recognition on
construction sites and providing back-up alarms on trucks.
– Highway paving contractors should design, develop and implement a comprehensive safety
program that includes, but is not limited to, training for highway workers in controlling
traffic hazards on highway construction sites.
– Tractor-trailer manufacturers should consider providing back-up alarms and back-up lights as
standard equipment on new vehicles.”
Table 1. Excerpt of case study [15] (Continued)
presented ITCP’s and their purpose, as well as components. By examining several
typical highway work zone accidents and 4 active work zones, they came up with
suggestions for the setup of ITCP’s in work zones. 
Components of an ITCP consist of:
• The Traffic Control Layout or diagram
• A legend explaining symbols used in the Diagram
• Notes explaining portions of the diagram
Figure 2 below illustrates an example of an ITCP diagram. As seen in the figure, the
ITCP diagram should clearly show the setup of the work zone. This includes all access
points, pedestrian free zones, buffer zones, vehicle free zones, and vehicle paths within
the work zone. The example shown illustrates a paving operation in which the dump
trucks are entering the work place, pull past the paver, and have one designated backing
maneuver up to the paver. They are then able to leave the work zone without backing
again. This minimizes the amount of backing needed for heavy equipment. 
Figure 3 illustrates an example of an ITCP legend. “The legend explains the symbols
used on the ITCP diagram that is being illustrated. Standard symbols on the legend are
based on those used in the MUTCD (2009). Additional details on classes of personnel
and vehicle types are needed in developing an ITCP for a paving operation. If worker
or visitor parking is allowed on site the legend should have a symbol for parking.” [6]
The proper implementation of the ITCP should lead to more effective injury
prevention. The ITCP notes should be used as a guide for all personnel on the site to
318 Prevention of Backover Fatalities in Highway Work Zones: A Synthesis of Current 
Practices and Recommendations
Figure 2. ITCP with all remaining features [6]
make sure the implementation of this plan is correct. This means that all personnel,
private contractors included, working on the project must be made comprehensively
aware of the ITCP when they enter the work zone. Current updated notes are important
so that changes throughout the course of the project are reflected, and are easily
referenced to see how safety could be affected. This is especially important for
supervisors, inspectors, and independent contractors such as dump truck drivers to
insure all members of the project are in consensus on how the work zone will be set up
to insure a high level of safety. Preconstruction safety meetings should be held by all
foremen, supervisors, and inspectors to insure the cohesion to the ITCP notes, and to
ensure all workers within the site understand the notes that have been presented to them.
The ITCP notes should contain site-specific safety measures, explanations for
contractor duties (in reference to safety), and other safety points. These points include
such measures as pedestrian free zones and buffer zones in which the zones are clearly
depicted, so there is no question with workers who are unfamiliar with the work zone.
The notes should also contain specifics such as safety meeting frequencies, truck arrival
times, and internal speed limits for the work zone. The notes should be frequently
updated to reflect current work conditions, and to alter any tasks that were previously
conducted to ensure workers continuously understand the job taking place. These notes
should be presented every time someone enters the work zone.
Though the personal responsibility for safety falls to each individual, management
must enforce safety rules and do the following to ensure the safety of the work zone:
• Checking all operators are properly licensed for the vehicles they use. 
• Training workers in specific safety practices related to their jobs. 
• Insuring equipment in safe condition. 
• Set up a system to control traffic flow, both inside work zones and for public roads
passing the work zones.
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Figure 3. ITCP legend [6]
The review of the California Tailgate Training guide for Vehicles and Heavy
Equipment [18] showed a few key points for training that must be included in any
Administrative fix for work zone safety. When in a work zone just like when traveling
to or from, vehicles must follow posted speed limits. Before heavy equipment of any
kind is moved, steps should be taken including a walk around the vehicle to ensure
clearance and if necessary a spotter should be used to ensure safety.  To insure safety
when working near moving vehicles employees must stay alert at all times. This means
no distractions including radio. Workers must keep a safe distance and stay off
equipment unless necessary. Being visible is important as well which is why employees
should wear bright vests or jackets and wear reflective clothing during low visibility
conditions. Reflective clothing worn during low visibility conditions will make the
pedestrians easier to be seen while working around vehicles, which will make
equipment operators more aware if the pedestrian worker disappears from view,
possibly into a blind area.
An article published in Construction Health and Safety Manual [19] described Blind
Spots in detail. This article discussed some means in which accidents can be caused by
blind spots, and how these accidents can be prevented. Planning the work site to reduce
the need for backing, separate foot traffic from equipment operations, and barricading
workers from heavy equipment are listed as feasible accident prevention methods much
in the same way the previous paragraphs described. It was also suggested that more
comprehensive training take place for spotters, pedestrian workers, and equipment
operators with respect to blind area identification and accident prevention. Although in
the US, some of the following suggestions may not be standard practice, such
suggestions, which were made in this article [19], can still be used to improve safety in
work zones: 
• Training must be administered using oral and written instructions which are easily
understood. 
• Spotters should have one job as a spotter and nothing else. 
• Spotters should be dressed in high visibility clothing so that they may be easily
identified by heavy vehicles. 
• Spotters should be trained to keep visual contact with the driver, vehicle, and
pedestrians near the vehicle at all times to insure no pedestrians enter the vehicles
blind areas without operator knowledge.  
• Spotters and vehicle operators in particular must be able to use clearly understood
hand signals to communicate. These hand signals should be understood by
pedestrian workers as well to help facilitate a good understanding of the
movements of heavy equipment, and in case of a spotter’s absence. 
• All personnel in work zones must be familiar with blind spots and the hazards they
create. 
• Workers on foot must make eye contact with the equipment operator, and/or
spotter, and signal their intentions before approaching equipment or entering blind
areas. 
• Drivers must always obey spotters and must stop their vehicle if more than one
spotter is signaling at the same time to determine which directions to follow. 
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• Drivers should remain in their cab if possible to prevent being struck themselves. 
• Horns should be blown twice before backing begins. 
• If no spotter is present, operators should exit the vehicle and check blind areas prior
to backing. 
• Drivers must stop their vehicle if any personnel leave their view and may have
entered their blind area. 
• Spotters must stay alert to better react if a safety hazard is recognized. 
• Spotters should understand the limitations of the equipment they are directing.
The current Handbook of Safe Practices [20] for the TxDOT described some safe
practices that should be taken to ensure safety of workers. These include:
• “Operator shall be responsible for the safe operation of equipment. 
• Park to eliminate backing where possible.
• Particular care shall be exercised in backing. Don’t back blindly. All equipment
operators shall be assigned a “spotter” when operations require backing without an
operational backup alarm or when vision to the rear is obstructed from the
operator’s seat
• Drivers shall walk around the rear and side of vehicles before backing.
• Stay clear of moving equipment, particularly backing trucks and other equipment.
• All equipment with rear vision permanently obstructed will have a backup alarm.”
This shows that some important safety rules have been in effect however they should
be more readily enforced.
3.2. Technology Controls
The development of technology-based solutions to limit blind areas of a driver has led
to many different designs and innovations all with one principle in mind: improving the
ability to sense what is behind an operator in an area s/he normally cannot see. Some of
the more common types of technology controls are sensors, radio frequency detecting
sensors, and rear view camera systems.
Lee et al. [21] covered testing procedures for their study of the effectiveness of video
systems for preventing backing incidents. It was shown that stop rates in straight-line
backing maneuvers were increased by 46.7%.
Ruff [22–24] examined RFID and Radar technologies for possible use on large haul
mining trucks for the prevention of struck-by incidents and their effectiveness in
detecting objects. 
Video Cameras - Recent developments have led to cameras being designed with
reduced size & cost. Some mines have begun to use the cameras with success. However
on large trucks it usually takes multiple cameras in order to be effective. The lenses also
must be cleaned, and quite often in bad weather conditions; and the cameras are
exposed to a lot of shock and vibrations. 
Radar - Radar systems can detect people, rocks, buildings, and foliage. They are
especially good at detecting metal objects. An alarm, usually flashing lights and an
audible warning, is mounted in the cab of the equipment to warn the operator of an
object or person nearby. The advantages of radar include low price, reliable operation
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in all weather conditions and dusty environments, and reliable detection of large objects
such as other vehicles or people. However one problem is that nuisance alarms can be
common in which the operator is already aware that there is an object behind his/her
equipment that is not posing danger. However, too much trust in the existence of
nuisance alarms can be dangerous given that the driver does not actually know what is
behind them, and thinks it is just a nuisance alarm and backs up anyways. 
Radio Frequency Identification (RFID) –There are different systems available and
two were tested which both operate on the same basic principles, but use different
communications schemes. Both systems require the use of electronic tags attached to
light vehicles, pedestrian workers, other mining equipment, or stationary objects such
as utility poles and buildings. Any worker or vehicle entering the mine site must be
outfitted with a tag to be protected. The advantages to using RFID include the rare
occurrence of false or nuisance alarms, the ability to identify the cause of the alarm
through its unique identification code, better detection of objects near the equipment,
and the ability to monitor around the entire piece of equipment with just one or two tag
readers. 
In all, Ruff [22–24] tested 7 different systems including 3 RFID, 2 Doppler Radar, 1
Pulsed Radar, and 1 FMCW Radar. His results can be seen in Table 2. It can be seen
that RFID systems, have high performance ratings in every area other than cost. It was
concluded that no collision warning system can replace the training and caution
necessary for operating heavy equipment. However, technology can aid in reducing
some of the guesswork required when operating equipment that has extensive blind
spots.
Mazzae and Garrott [25] tested commercially-available systems for detecting
obstacles present behind backing light vehicles. To do this they tested 11 systems to see
how well they performed. These systems included radar and ultrasonic sensors, video
systems, and mirrors. The test included, static field-of-view measurements,
repeatability of static field-of-view measurements, dynamic range measurements,
response time measurements, field-of-view measurements for video camera
technologies and auxiliary mirrors, and measurements of blind spots behind vehicles.
The results of this study showed that “none of the sensor technologies examined, in
their current forms, seemed adequately capable of preventing back over crashes with
pedestrians [25].”
In terms of existing systems, the HCS-700 [26] system is an ultrasonic-based sensor
system. Two sonar sensors detect objects within a predefined detection zone behind the
vehicle, 2.7 meters (9 feet) maximum detection range, and trigger both visual and
audible warnings in the cab. The system is the most suitable system for pickup trucks
being that it is a dual sensor system, and can have a sensor located on each side of the
bumper. A single sensor system does not have an ideal mounting location due to the
working tailgate, and license plate. The WorkSight [27] system is a radar-based system
and uses 5.8 GHz super high frequency pulsed radar signals to detect objects within a
detection zone, 6.1 meters (20 feet) maximum detection range. A single radar sensor
detects objects behind the vehicle and both visual and audible warnings are generated
on the monitor in the cab. The system is also compatible with a camera system. This
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single sensor system can be mounted in the middle on the bottom of the bed of a dump
truck. Specific details of each of the systems, detailed sensor testing procedures and
testing results can be found in a separate paper [4].
3.3. Integrated Engineering, Administrative, And Technology Controls
As one can see from the review results of papers/reports mentioned in the above
sections, it has been concluded  that neither engineering and administrative controls
(i.e., internal traffic control plans, signalers, backing safety training), nor the technology
controls alone, will completely eliminate the risks to workers. As a result, there is a high
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Table 2. Comparison of collision warning systems [23]
Doppler Doppler Pulsed FMCW
Technology RFID RFID RFID radar radar radar radar
User-Adjustable Zones Yes Yes Yes Yes No No Yes
Motion Required No No No Yes Yes No Yes
for Detection
Max. Length of Rear 50/50 50/50 NA/57.5 22.5/65 25/45 30/27.5 40/40
Detection Zone as  
Tested (Person/Pickup 
in ft)
Coverage Near Outer Yes Yes Yes Yes Yes No No
Dual Tires
Max. Length of Front 50/50 50/50 NA/57.5 22.5/65 25/45 30/27.5 40/40
Detection Zone As 
Tested (Person/Pickup 
in ft)
Coverage Near Front Yes Yes Yes Yes Yes No Yes
Bumper
Sporadic Detection at No Yes No No No No No
Zone Edges
All-Weather Use Yes Yes Yes Yes Yes Yes Yes
False-Alarm Rate in None None None Infreq. Freq. Infreq. Infreq.
Clear Field
Cinder Block Detection No No No Yes Yes Yes Yes
Multiple Units Needed No Yes Yes Yes Yes Yes Yes
for Front/Back
coverage
Two-Way Alarm (for Yes No Yes No No No No
Person Detection)
Cost $US (High = +8,000; High High High Low Low Low Low
Med = 2,000–8,000); 
Low = –2,000)
need for the engineering, administrative and technology controls to be integrated and
work together as the prevention measures for the backing fatalities in the construction
work zones. The following will review such integrated solutions.
Fosbroke [28] discussed a project taken on by many different groups and
organizations throughout the states of Pennsylvania, West Virginia, and Washington.
Some of the groups included the State Transportation Departments, Construction
Companies, Construction Trade Associations, Equipment Manufacturers, the Federal
Highway Administration (FHWA), and OSHA. The project worked to develop exposure
monitoring system, and evaluate injury prevention measures. Fosbroke evaluated some
of the types of “off-the-shelf technology” such as Radar, Sonar, Cameras, and Tag
Based Systems. The study also considered different types of traffic control plans as well
as different methods of monitoring to calculate effectiveness. To perform the test, they
first needed a way of measuring which method of technology improves the areas in
which operators can see the best. Using a light bar method, as well as a computer
generated method, they were able to find the blind areas of different types of equipment.
The ITCP was also studied, and different designs were investigated to find the most
effective designs for reducing the chance of an accident. It was found that the best
method of reducing the risk of an accident was to consider using a technology that can
help eliminate blind areas along with a properly designed traffic control plan to be the
most effective. When setting up an internal traffic control plan, Fosbroke [28] came up
with following 5 questions to ensure a properly set up traffic control plan:
• “Can the need for backing be reduced or eliminated?
• Can the number of vehicle access points into the work space be reduced?
• Can Pedestrian free zones be established?
• Can the work space accommodate the equipment being used?
• Do any physical features of the site place operators at risk?”
Fosbroke [28] also brought forth three fatality case studies, which could have been
prevented with the addition of a better ITCP as well as eliminating the blinds spots an
operator experiences. One case study is described listed below.
During a paving operation, the dump trucks entered the work zone, turned around
near the paver, and backed to the paver. A victim was struck while the dump truck was
backing up to the paver. Fosbroke [28] suggested that an ITCP could have been used to
eliminate the turn-around and minimize the backing distance. It is also possible that if
the dump truck possessed some type of technology eliminating the blind spot, this
fatality could most likely have been prevented.
Fosbroke [29] discussed how to reduce injuries and fatalities due to struck-by
incidents involving vehicles, equipment, and tools. He did this by giving field research
analysis which showed the danger areas in a work zone. He then presented examples of
safety measures such as a sample internal traffic control plan, technologies to warn
drivers in a more effective manner, and technologies to warn pedestrian workers and
equipment operators of possible struck-by accidents.
Based on the comprehensive literature review of the state-of-the-art and state-of-
practice, current strategies employed by the industry and various DOTs to prevent
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backing fatalities include: 1) Engineering and administrative controls (including ITCP,
signalers, and drivers/workers on foot training); 2) Technology controls (including
several potential electronic devices); and 3) Integrated engineering, administrative and
technology controls. Table 3 provides a summary of the literature review conducted
from these perspectives in this paper.
In summary, it can be concluded that any single control is insufficient. Training
alone will not prevent all incidents because working in a dangerous environment will
always allow for human error to cause injury. Hence, there is a need for engineering
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Table 3. A Summary of the literature reviewed
Engineering & Technology Integrated 
Blind Areas Admin Control Control Control
Bryden and Andrew (1999) ¸
Bryden et al. (1998) ¸
Construction Health and ¸ ¸
Safety Manual (2011)
Fosbroke (2004) ¸ ¸ ¸ ¸
Fosbroke (2006) ¸ ¸ ¸
Graham and Burch (2006) ¸
Graham et al. (2005) ¸
Handbook of Safe Practices, ¸
TxDOT (2010)
Hefner and Breen (2003) ¸ ¸ ¸ ¸
Hefner and Breen (2004) ¸
Jones (2005) ¸ ¸
Laborers’ Health and ¸
Safety (2004)
Lee et al. (2010) ¸
Mazzae and Garrott (2007) ¸
MUTCD (2009) ¸
OSHA Fact Sheet (2005) ¸ ¸




Texas Department of ¸ ¸ ¸ ¸
Insurance (2011)
Vehicles and Heavy ¸ ¸ ¸
Equipment (2007)
Washington State Department ¸ ¸
of Labor and Industries (2009)
Zeyher (2007) ¸ ¸
controls such as an ITCP (i.e., site planning) to be in place to make the work zone less
hazardous. However, even with a safer work zone and better training, technology is the
last line of defense to insure the safety of all workers in a work zone. Therefore,
integrating technology controls along with site planning, and training can greatly reduce
the risk of fatal construction accidents, especially caused by backing.
Based on the above review of the backover fatality prevention techniques in
construction work zones and the conducted testing results of several commercially
available systems as mentioned above, the following section will present the detailed
recommendations.
4. RECOMMENDATIONS ON ENGINEERING AND TECHNOLOGY CONTROLS
ITCPs shall be designed to include buffer zones to keep public and workers away from
trucks/equipment within the work zone as well as to keep the length of the work zone
appropriate to the work in progress. The ITCP should direct the movement of workers
and equipment in a work zone reducing the need for backing. The ITCP should include
designated worker-only and pedestrian-free zones. The ITCP can be changed
throughout project progression by the safety officer or competent person, with the
changes being communicated to all other personnel on the work site. Up to date safety
concerns should be discussed with workers at least once per shift, keeping a hierarchical
approach to prevention of worker injuries.
The Integrated Internal Traffic Control Plans (IITCP) incorporates ITCP with
sensing technology implementation to improve vehicle-related safety practices in the
work zone. Based on ITCP, IITCP shall be designed including important guidelines and
recommendations when sensing technology is applied on jobsites. An IITCP should
contain a traffic control diagram, a legend explaining this diagram, and notes explaining
the details of the diagram, work zone, and technology implementation. The creation of
the IITCP should involve:
1. Reviewing the contracts and model plan for the project, deciding the sequence of
events in the project, and then creating a basic design for the work zone designating
storage utility, and staging areas. 
2. Designing vehicle and pedestrian paths throughout the work zone, and then
creating the IITCP notes containing all information to give an accurate
representation of the flow within the IITCP.
3. Explaining technology guidelines for effective implementation of new technology.
Similarly to guidelines of ITCP, the guideline development for IITCPs needs to be
project or activity specific as a result of the construction environment changing and the
unique characteristics of a particular job/task. The following are general guidelines and
recommendations for IITCP development.
• Sensing systems should be installed above 0.3 meters (12 inches) high, measured
from the ground. 
Research findings of the technology testing from the project show that installing
sensors at or below 0.3 meters (12 inches) high detected the ground frequently and
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generated false alarms. If it is inevitable mounting sensors at or below 0.3 meters 
(12 inches) high on the vehicle, it is recommended that sensors should be tilted upward
to avoid the detection of ground.
• The width of sensor detection zone should not exceed 3.0 meters (10 feet) for work
zones on the shoulder or one lane closures. 
In terms of sensor’s detection coverage, characteristics of jobsites should be
considered before selecting sensor systems. A trade-off exists between detection range
and false alarms. A sensor system with longer detection range generally has a wider
detection range. As a result, a wider clear field is required to implement this system
without false and nuisance alarms in the work zone. If the sensor systems with wider
detection coverage (more than 3.0 meters (10 feet)) are used in a relatively narrow
jobsite such as single lane closures, the sensors will detect traffic cones or other fixed
objects (personal vehicles parked or materials) and generate unnecessary false alarms.
These kinds of false alarms will make operators distrust the sensor systems and ignore
alarms. For jobsites such as two lanes closures or new highway construction, longer and
wider detection sensor systems might be more effective if enough clear backing area is
secured. 
• When multiple vehicles are in a wait area, idling close to one another, only the
ready-to-back-up vehicle should set its gear in reverse. 
In the idling zone, if multiple vehicles activate sensor system by setting their gears
in reverse, sensors will detect the other vehicles behind them and generate false alarms.
This kind of false alarm makes operators ignore alarms and create other accident
possibilities such as backing on a worker who is between two vehicles. Also, the second
vehicle should back up only after the first vehicle leaves the work zone.
• Equipment only area (backing path) in the work zone should be clear field. 
As well as minimizing false alarms by detecting fixed objects while backing up,
backing path should be clear enough to secure clear line-of-sight between an operator
and a spotter. If the line-of-sight between an operator and a spotter is too long or
blocked by fixed objects such as personal vehicles or materials, positioning of multiple
spotters is recommended. 
• Spotters and idle workers should stay on the opposite side of roadway traffic. 
• While a vehicle is loading or dumping, it is recommended to change its gear into
neutral to avoid unnecessary alarms between the vehicle and other equipment. 
Except for general guidelines described above, jobsite-specific guidelines should be
developed and workers should be educated before entering the jobsite.
4.1. Integrated Internal Traffic Control Plan Diagram
The IITCP diagram should contain detailed schematic diagrams with illustrations for all
paving trenching, and grading operations depicting the movement of construction
workers and vehicles within the work space, allowing workers and vehicles to enter,
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and leave the work zone safely. The diagrams should be modified to assure
compatibility with the overall ITCP, and to address site-specific conditions.
Figure 4 is an example of IITCP developed based on a TxDOT Traffic Control Plan
Standard. The left side diagram is the original TxDOT Traffic Control Plan Standard
TPC 1-4b [30] and the right diagram is the IITCP diagram developed from the TPC 1-4b
with the integration of HCS-700 [4], [26] system which has 2.7 by 3.0 meters (9 by 10
feet) detection coverage. For better illustration, specific dimensions described in TPC
1-4b are omitted in the IITCP diagram. As can be seen, the IITCP contains a diagram,
general and technology notes, and legend explaining the diagram. In the diagram, all
necessary signs shall meet designated specifications and be used in the appointed
locations to better conduct movement of road users, construction vehicles, and
pedestrian workers, and actions throughout the plan. Also, the diagram includes vehicle
access/egress area, positioning of flaggers and spotters, sensor detection size,
equipment only area, and pedestrian only area. The general notes provide an
understanding of the principles of the traffic control zone, and direct movements. The
notes shall include a description of designated worker, and pedestrian areas, and a
spotter to direct backing movements. The technology notes explain general guidelines
for effective technology implementation.
In order to provide a better understanding of IITCP in the work zone, detailed diagrams
are provided, which represent five equipment related jobsite scenarios: Vehicle Entering,
Vehicle Idling, Vehicle Backing, Vehicle Loading or Dumping, and Vehicle Exiting.
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Figure 4. A sample of integrated internal traffic control plan based on TCP standard
(1–4b)
Figure 5 shows where a vehicle enters at the pre-determined area. The entering area
of the work zone should be noted before the vehicle arrives at the work zone. Also, a
flagger is needed to maintain smooth traffic flow, and a spotter should be ready to guide
the vehicle.
Figure 6 and 7 illustrate when vehicles are waiting in the idle zone. Figure 3 shows
when HCS-700 system (Choe et al. 2013, HCS-700 2013) (2.7 by 3.0 meters (9 by 10 feet)
detection coverage) is used on the vehicle and Figure 4 shows when WorkSight system
(Choe et al. 2013, WorkSight 2013) (6.1 by 5.5 meters (20 by 18 feet) detection
coverage) is used on the vehicle. As shown in Figure 4, the WorkSight system is not
effective in this work zone because its wider detection coverage will detect traffic cones
or other fixed objects around the work zone, and will trigger false alarms. All vehicles
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Figure 5. Detailed IITCP diagram I: vehicle entering
Figure 7. Detailed IITCP diagram II: vehicle idling with WorkSight system
Figure 6. Detailed IITCP diagram II: vehicle idling with HCS-700 systm
should stay in the equipment only area and make sure line-of-sight between a spotter
and a driver is secured. When multiple vehicles are waiting in the idle zone, Dump
Truck 1 should set reverse gear and Dump Truck 2 should be set to neutral gear to avoid
false alarms by detecting a vehicle behind it. 
Figure 8 shows when a vehicle is backing up. Before the vehicle backs up, two
things should be double checked: clear backing path and clear line-of-sight between a
spotter and a driver. If the line-of-sight between an operator and a spotter is too long or
blocked by fixed objects such as personal vehicles or materials, positioning of multiple
spotters and special monitoring are recommended. Figure 9 illustrates the scenario
where a parked personal vehicle is blocking communication between a spotter and a
driver. In this scenario, there can be a potential accident between a backing vehicle and
a worker walking into the dangerous area from behind the fixed object, which is a
vehicle parked. To avoid this accident scenario, an additional spotter and special care of
dangerous area are recommended. 
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Figure 8. Detailed IITCP diagram III: vehicle backing
Figure 9. Detailed IITCP diagram III: vehicle backing with fixed object
Figure 10 describes when a vehicle is loading or dumping. To avoid unnecessary
alarms between the vehicle and other equipment, it is recommended to change Dump
Truck 1’s gear into neutral while the vehicle is loading or dumping.
Figure 11 shows the scenario of leaving a vehicle at the pre-determined area.
Similarly to a vehicle entering scenario (Figure 2), a flagger is needed to maintain
smooth traffic and safe vehicle exit from the work zone. To avoid a possible accident
between Dump Truck 1 leaving and Dump Truck 2 reversing, Dump Truck 2 should
reverse after Dump Truck 1 has completely left the work zone.
4.2. Integrated Internal Traffic Control Plan Legend
The legend should clearly label all parts of a traffic control plan diagram including
heavy equipment paths, pedestrian free and backing free zones.  Some of the
movements and objects that are represented by symbols include the following:
• Lights, and Channelizing devices
• Barriers
• Direction of Highway Traffic, and Traffic within the work zone
• Sign Locations
• Worker Locations, with a different symbol for each worker
• Different Equipment within the work zones
• Sensor system detection coverage
Figure 12 shows the legend used in the IITCP we developed. From Type 3 Barricade
to Flagger are existing legend in the TPC 1-4b (2013)  nd we added five symbols, which
are Spotter, Vehicle Entrance and Exit, Sensor Detection Zone, Pedestrian Only Area,
and Equipment Only Area, to develop IITCP.
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Figure 10. Detailed IITCP diagram IV: vehicle loading or dumping
Figure 11. Detailed IITCP diagram V: vehicle exiting the work zone
4.3. Integrated Internal Traffic Control Plan Notes
The IITCP notes consist of general notes and technology notes. General notes should
contain site-specific safety measures, and contractor duties in reference to safety. Safety
points should be clearly depicted such as pedestrian free zones, buffer zones, safety
meeting frequencies, truck arrival times, and internal speed limits for the work zone.
Technology notes should contain general guidelines and recommendations for effective
technology implementation. Notes should be frequently updated to reflect changes in
working conditions throughout the project. The following are general as well as
technology notes used in the IITCP we developed.
General Notes
1. All traffic control signs where shown are REQUIRED.
2. DO NOT PASS, PASS WITH CARE, and construction regulatory speed zone signs
shall be installed downstream of the ROAD WORK AHEAD signs.
3. All signs shall meet the necessary specified dimensions given within the drawing.
4. Shall include buffer space to keep workers away from equipment.
5. Work zones shall be kept to a length appropriate to the work in progress.
6. ITCP should direct construction vehicles within the work zone, reducing the need
for backing up.
7. IITCP should include designated worker only, and pedestrian free zones, as well as
pedestrian only zones.
Technology Notes
1. Sensing systems should be installed above 0.3 meters (12 inches) high, measured
from the ground.
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Figure 12. A sample of legend based on TPC 1-4b
2. The width of sensor detection zone should not exceed 3.0 meters (10 feet) for work
zones on the shoulder or one lane closures. 
3. When multiple vehicles are waiting in a wait area, idling close to one another, only
the ready-to-back-up vehicle should set its gear in reverse.
4. Equipment only area (backing path) in the work zone should be clear field.
5. While a vehicle is loading or dumping, it is recommended to change its gear into
neutral to avoid unnecessary alarms between the vehicle and other equipment.
5. ADMINISTRATIVE CONTROL RECOMMENDATIONS
This section discusses the recommendations based on Administrative Controls. These
include safety meetings, the use of safety officers, the implementation of regulations
and guidelines, and the proper training of employees. 
5.1. Safety Meetings
Preconstruction safety meetings should take place every day in order to remind
workers of changing conditions in the work zone which can affect their safety. All
key players over a work site should be present during the meetings, to insure the
cohesion to the IITCP notes, ensuring all workers, including contract workers,
understand the job taking place and are in consensus on how the work zone will be
set up. 
5.2. Safety Officers
Every work zone should be assigned a traffic control supervisor who is knowledgeable
on the type of project at hand. The supervisor should possess the ability to halt work in
the instance of unsafe conditions, and should carry out tasks such as coordination at the
work site, determining traffic routes within the work zone, documenting hazards and
how they were mitigated, and maintaining multiple lines of communication. Safety
officers should be trained and/or certified. The safety officer and work-zone supervisors
should review the Traffic Control Plan and decide on how to demarcate traffic routes
within the work zone and include a plan for communicating between vehicle operators
and workers-on-foot.
5.3. Regulations & Guidelines for Workers
Guidelines and expectations should be presented to workers during safety meetings to
inform them of what is expected and provide notifications that violations will be treated
as violations of standard company policy.
5.4. Training
Training should be considered the first step to keeping the job site safe, and makes it
much more likely that employees follow company policy and standard safety policies
since it is expected that they will have a complete understanding of the rules and
guidelines presented. Supervisors should understand all of the following protocols so
that they may instruct and enforce them to employees.
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Pedestrian workers
• Workers shall be trained on typical blind spots of common construction equipment
so they understand the visibility limitations the operator is faced with.
• Workers must be trained with the IITCP, and to recognize and avoid the hazards of
working in dynamic work zones on foot around equipment. Examples of
precautionary measures include not crossing directly in front of, or behind dump
trucks or other equipment without direct contact and instruction from the operator.
• Workers should wear high visibility clothing, and make eye contact with heavy
equipment and large truck operators before entering an area near the equipment or
truck, as well as standing in front of, or on the operator side of the vehicle if they
must work in an area.
• Workers should be knowledgeable and properly trained in the tasks that they are
required to do, and should report to an officer if they do not feel their skills are
sufficient to perform their tasks safely.
Spotters
• Should be assigned whenever backing maneuvers are regularly expected, and know
how to understand and use hand signals to communicate with equipment operators
and other workers in the work space.
• Should be placed in a location where they are visible to equipment and vehicle
operators, only directing one backing vehicle at a time.
Flaggers
• Must have the skills and knowledge to understand the traffic flow, the work zone
setup, and proper placement of channelizing devices.
• Shall be assigned an area to be responsible for monitoring operations, and should
direct only traffic moving in one direction.
• Should be present when work is being performed on the sides of roadways
normally open to the public, and in the event of multiple flaggers, should be trained
to communicate effectively with one another by sight, or with two way radios.
• Should be authorized to recommend to traffic control supervisors that operations
be halted in his or her immediate work area if immediate danger is seen.
Equipment Operators
• Must always use provided safety equipment such as safety belts when operating
their equipment, and know how to react in work zone events such as a rollover.
• Must understand the IITCP as well as the workplaces current conditions to better
reflect the movements that are safe for them to make. 
• Operators must understand hand signals for use when communicating with workers
on the ground, especially when in backing maneuvers, and while being directed by
a spotter, operators should keep constant view of the spotter and if direct view is
interrupted, the operator should stop to regain contact with the spotter.
• Equipment operators should be trained to check work areas for pedestrians, and if
an equipment operator believes there is a possibility of pedestrian workers being in
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the area where they are making maneuvers, they must keep positive visual contact
with these workers during the maneuver.  If no spotter or visual backing aid is in
use, equipment operators must exit their vehicle and walk around the back to
ensure no pedestrian workers or obstructions are present.
• Horseplay should never be tolerated, and operators should never allow passengers
on their vehicle without proper safety constraints in use e.g. safety belt. 
• Operators should never move equipment without making positive visual contact
with any pedestrian workers or near the equipment, and then blowing their horn
twice to warn workers on site of their intention to back.
• Employers should perform pre-inspection checks to ensure that backup alarms,
horns, and other safety equipment on construction machinery are functional and
tested daily. Equipment that has nonfunctioning backup alarms, horns, or other
safety equipment should be reported to the designated competent person, and
should be removed from service until it is repaired.
6. SUMMARY & FUTURE RESEARCH
Based on the comprehensive literature review of the backover fatality prevention
techniques in construction work zones and the conducted previous testing results of
several commercially available systems, recommendations were developed in order to
prevent the likelihood of accidents in construction work zones. These recommendations
are based off of reviewing blind areas, engineering, and administrative controls, as well
as technology controls. 
Recommendations are developed in Engineering and Technology Controls by
improving the layout of ITCPs and by being specific in the details of the work zone.
Administrative Controls can aid in the prevention of backover fatalities by the
improvement of training, and enforcing rules and regulations by an appointed safety
officer. Training should be mandatory for everyone within the work zone including
pedestrian workers, flaggers, spotters, and equipment operators. From the research
conducted, guidelines will be constructed for TxDOT traffic control practices to aid in
the prevention of backover fatalities in work zone operations in the near future.
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